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CROSS REFERENCE TO RELATED APPLICATION 

This application claims priority to and the benefit of Korea Patent 
Application No. 2003-27285 filed on April 29, 2003 in the Korean Intellectual 
Property Office, the content of which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 

The present invention relates to a plasma display panel (PDP) and a 
driving method thereof. 

(b) Description of the Related Art 

Recently, liquid crystal displays (LCDs), field emission displays (FEDs), 
and PDPs have been actively developed. The PDPs from among the flat panel 
devices have better luminance and light emission efficiency compared to the 
other types of flat panel devices, and also have wider view angles. Therefore, 
the PDPs have come into the spotlight as substitutes for the conventional 
cathode ray tubes (CRTs) in large displays of greater than 40 inches. 

A PDP is a flat display for showing characters or images using plasma 
generated by gas discharge, and pixels numbering to more than several million 
are provided thereon in a matrix format, according to its size. Referring to FIGs. 
1 and 2, a PDP structure will now be described. 

FIG. 1 shows a partial perspective view of the PDP. FIG. 2 shows an 
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electrode arrangement of the PDP. 

As shown in FIG. 1, the PDP includes glass substrates 1 and 6 facing 
each other with a predetermined gap therebetween. Scan electrodes 4 and 
sustain electrodes 5 in pairs are formed in parallel on glass substrate 1 . Scan 

5 electrodes 4 and sustain electrodes 5 are covered with dielectric layer 2 and 
protection film 3. A plurality of address electrodes 8 is formed on glass 
substrate 6. Address electrodes 8 are covered with an insulator layer 7. Barrier 
ribs 9 are formed on insulator layer 7 between address electrodes 8. Phosphors 
10 are formed on the surface of insulator layer 7 and between barrier ribs 9. 

10 Glass substrates 1 and 6 are provided facing each other with discharge spaces 
therebetween so that scan electrodes 4 and sustain electrodes 5 may 
respectively cross address electrodes 8. Discharge space 1 1 between address 
electrodes 8 and a crossing part of the paired scan electrode 4 and sustain 
electrode 5 forms discharge cell 12. 

15 As shown in FIG. 2, the electrodes of the PDP have an (n x m) matrix 

format. Address electrodes A1 through Am are arranged in the column direction, 
and n scan electrodes Y1 through Yn and n sustain electrodes X1 through Xn 
are arranged in pairs in the row direction. 

Referring to FIGs. 3 and 4A through 4D, a conventional PDP driving 

20 method will be described. 

FIG. 3 shows a driving waveform diagram of the conventional PDP, and 
FIGs. 4A through 4D show distributions of wall charges in respective intervals 
when using the conventional driving method. That is, FIGs. 4A through 4D 
show charge distributions corresponding to the driving waveform shown in FIG. 
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3. 

In general, a single frame is divided into a plurality of subfields in the 
PDP, and the gray is represented by combination of the subfields. As shown in 
FIG. 3, each subfield has a reset period, an address period, and a sustain 

5 period. In the reset period, wall charges formed by previous sustaining are 
erased, and the wall charges are set up so as to stably perform the next 
addressing. In the address period, cells that are turned on and those that are 
turned off are selected, and the wall charges are accumulated to the cells that 
are turned on (i.e., addressed cells). In the sustain period, sustaining is 

10 executed so as to display the actual image to the addressed cells. 

When a sustain occurs in the sustain period, wall charges are formed 
and accumulated at the sustain and scan electrodes, and a discharge cell is 
sustained by a wall voltage formed by the wall charges and a sustain pulse 
alternately applied in the sustain period. Through the repetition of the above- 

15 noted process, a predetermined number of sustains occur in the sustain period. 
As described, the conventional method uses a memory function of the wall 
charges generated and stored at the scan and sustain electrodes to generate a 
sustain. 

Referring to FIG. 3, the conventional reset period includes an erase 
20 period, a ramp rising period, and a ramp falling period. 
(1) Erase period 

When the final sustain is finished, positive charges are accumulated to 
the sustain X electrode, and negative charges to the scan Y electrode, as 
shown in FIG. 4A. Since the address voltage is maintained at 0V (volts) during 
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the sustain period, but it tries to maintain a middle voltage of the sustain all the 
time, a large amount of the positive charges are accumulated to the address A 
electrodes. 

When the sustain is finished, an erase ramp voltage that gradually 
increases from 0(V) to +Ve(V) is applied to the sustain X electrode, and the wall 
charges formed on the sustain X and scan Y electrodes are gradually erased, 
as shown in FIG. 4B. 

(2) Y ramp rising period 

During this period, the address A electrode and the sustain X electrode 
are maintained at OV, and a ramp voltage is applied to the Y electrode, the 
ramp voltage gradually rising from voltage Vs that is below the discharge firing 
voltage with respect to the sustain X electrode to voltage Vset that is over the 
discharge firing voltage. While the ramp voltage rises, first weak resetting is 
generated to all the discharge cells from the scan Y electrode to the address A 
electrode and the sustain X electrode. As a result, the negative wall charges 
are accumulated to the scan Y electrode, and concurrently, the positive wall 
charges are accumulated to the address electrode and the sustain X electrode, 
as shown in FIG. 4C. 

(3) Y ramp falling period 

In the latter part of the reset period, a ramp voltage that gradually falls 
from voltage Vs below the discharge firing voltage to 0(V) over the discharge 
firing voltage with respect to the sustain X electrode is applied to the scan Y 
electrode under the state that the sustain X electrode maintains a constant 
voltage Ve. While the ramp voltage falls, second weak resetting is generated 



from all the discharge cells. As a result, the negative wall charges of the scan Y 
electrode are reduced, and the polarity of the sustain X electrode is inverted to 
accumulate weak negative charges thereto, as shown in FIG. 4D. Also, the 
positive wall charges of the address A electrode are adjusted to an appropriate 

5 value for the address operation. 

As described, the states of the sustain X electrode, the scan Y 
electrode, and the address A electrode are processed through the reset period 
so that they may be suitable for addressing in the address period. However, the 
address period is reduced because each subfield requires a reset period in the 

10 conventional driving method. A long address period is needed for scanning of a 
high-resolution screen, but it is not easy to display the high-resolution screen 
through the prior art. Also, discharges occur twice in the reset period, and 
hence, a constant discharge always exists in the discharge cells that are not 
turned on, and the total contrast of the screen is lowered. 

15 

SUMMARY OF THE INVENTION 

In one exemplary embodiment of the present invention, there is 
provided a PDP driving method without a reset period. 

In an exemplary embodiment of the present invention, there is provided 
20 a method for driving a PDP including a plurality of first and second electrodes 
provided in parallel on a first substrate, and a plurality of third electrodes 
crossing the first and second electrodes and being formed on a second 
substrate. A plurality of discharge cells is formed by the adjacent first, second, 
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and third electrodes. A single subfield includes an address period for forming 
wall charges at a discharge cell to be selected from among the discharge cells, 
and a sustain period for discharging the selected cell. The sustain period 
includes: applying a first pulse to the second electrode while the first electrode 
5 is established as a first voltage; and alternately applying a sustain pulse with a 
second voltage defined by a voltage difference between the first and second 
electrodes to the first and second electrodes. The second voltage is less than a 
voltage difference between the first pulse and the first voltage. 

In another exemplary embodiment, the address period of the next 
10 subfield follows the sustain period. 

In another exemplary embodiment, a discharge occurs at the discharge 
cell selected in the address period by the first voltage and the first pulse to form 
a first space charge. The first space charge allows the discharge cell to be 
discharged by the second voltage. 
15 In yet another exemplary embodiment, the sustain pulse has a width 

such that the sustain pulse may generate and maintain a second space charge 
after a discharge has occurred in the selected discharge cell. 

In still another exemplary embodiment, the sustain pulse is applied to 
the one of the first and second electrodes when the second space charge 
20 remains in the discharge cell such that the first and second electrode may be 
discharged by the second voltage. 

In a further exemplary embodiment, the first pulse is a square wave 
with a third voltage level for a predetermined period. A difference between the 
third voltage level and the first voltage level is within a range for generating a 
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discharge between the first electrode and the second electrode together with a 
voltage formed by the wall charges formed at the selected discharge cell. 

In a yet further exemplary embodiment, a voltage difference between 
the third voltage level and the first voltage level is within a range during which a 

5 discharge between the first and second electrodes cannot occur at the 
discharge cell that is not selected during the address period. 

In a still further exemplary embodiment, the second voltage level is 
within a range for generating a discharge between the first and second 
electrodes together with a voltage caused by the wall charges formed at the 

10 first and second electrodes. 

In another exemplary embodiment of the invention, there is provided a 
PDP including: first and second substrates; a plurality of first and second 
electrodes formed in parallel on the first substrate; a plurality of third electrodes 
crossing the first and second electrodes and being formed on the second 

15 substrate; and a driving circuit for driving a single subfield through an address 
period for forming charges at a discharge cell to be selected from among a 
plurality of discharge cells formed by the adjacent first, second, and third 
electrodes, and a sustain period for discharging the selected discharge cell. 
The driving circuit applies a setup pulse to the second electrode while 

20 maintaining the first electrode at a first voltage, and respectively applies first 
and second sustain pulses with predetermined frequencies to the first and 
second electrodes during the sustain period. The setup pulse generates a 
discharge between the first and second electrodes at the selected discharge 
cell. 
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In yet another exemplary embodiment, the setup pulse has a waveform 
for generating a discharge between the first and second electrodes at the 
selected discharge cell to form a first space charge. A voltage level difference 
between the first and second sustain pulses when the first sustain pulse has a 
high-level voltage and a voltage level difference between the second and first 
sustain pulses when the second sustain pulse has a high-level voltage are a 
second voltage level. The second voltage level is within a range for establishing 
the first space charge as a priming particle to generate a discharge between the 
first and second electrodes. 

In still another exemplary embodiment, a period for forming the second 
voltage by the first and second sustain pulses is within a range for forming a 
second space charge at the discharge cell by the discharge between the first 
and second electrodes. The second space charge is the second voltage formed 
by the level-converted first and second sustain pulses to operate as a priming 
element for generating a discharge between the first and second electrodes. 
Frequencies of the first and second sustain pulses are within a range where the 
second space charges remain such that the second space charges may 
operate as a priming element of a discharge between the first and second 
electrodes. 

In a further exemplary embodiment of the present invention, there is 
provided a PDP driving method by forming wall charges at a discharge cell to 
be selected from among a plurality of discharge cells, and discharging the 
selected discharge cell, including: applying a setup pulse for forming a first 
space charge at the selected discharge cell to the discharge cell; and 
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establishing the first space charge formed by the setup pulse as a priming 
element, and applying a sustain pulse with a voltage level of a range for 
discharging the selected discharge cell to the discharge cell. 

In a still further exemplary embodiment of the present invention, there 

5 is provided a PDP driving method by dividing a frame for realizing video signals 
into a plurality of subfields, the PDP including a plurality of discharge cells. The 
subfield includes an address period for forming wall charges at a discharge cell 
to be selected from among the discharge cells, and a sustain period for 
sustaining the selected discharge cell without using a memory function. The 

10 sustain period includes: applying a pulse for discharging the selected discharge 
cell during the address period; and establishing the discharge as priming, and 
applying a sustain pulse for alternately sustaining the discharge cell. 

In a further exemplary embodiment, an address period of a next 
subfield follows the sustain period of a subfield. 

15 In still another exemplary embodiment of the present invention, there is 

provided a PDP including: first and second substrates; a plurality of first and 
second electrodes formed in parallel on the first substrate; a plurality of third 
electrodes crossing the first and second electrodes and being formed on the 
second substrate; and a driving circuit for sustaining a plurality of discharge 

20 cells formed by the adjacent first, second, and third electrodes. A frequency of 
the sustain pulse supplied for sustaining the discharge cell in the driving circuit 
is greater than 500KHz. 

In yet another exemplary embodiment, the frequency has a range from 
500KHz to 1MHz, or the frequency has a range from 700KHz to 1MHz. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a partial perspective view of a PDP. 

FIG. 2 shows an electrode arrangement diagram of the PDP. 

FIG. 3 shows a conventional driving waveform diagram of the PDP. 

FIGs. 4A through 4D show distribution diagrams of wall charges 
according to the driving waveform of FIG. 3. 

FIG. 5 shows a driving waveform diagram of the PDP according to a 
first exemplary embodiment of the present invention. 

FIGs. 6A through 6D show distribution diagrams of wall charges 
according to the driving waveform of FIG. 5. 

FIG. 7 shows a discharge caused by a setup pulse in the driving 
waveform of FIG. 5. 

FIG. 8 shows a diagram of a driving waveform applied to a discharge 
cell that is not selected. 

FIGs. 9A through 9D show distribution diagrams of wall charges 
according to the driving waveform of FIG. 8. 

FIGs. 10 through 13 show PDP driving waveform diagrams according 
to second through fifth exemplary embodiments of the present invention. 

FIG. 14 shows a relationship between a frequency of the sustain pulse 
and a sustain voltage according to an exemplary embodiment of the present 
invention. 

FIG. 15 shows a relationship between a period of the sustain pulse and 
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a sustain voltage according to an exemplary embodiment of the present 
invention. 

FIG. 16 shows a relationship between a frequency of the sustain pulse 
and an efficacy according to an exemplary embodiment of the present invention. 

5 

DETAILED DESCRIPTION 

FIG. 5 shows a driving waveform diagram of the PDP according to a 
first exemplary embodiment of the present invention. FIGs. 6A through 6D show 
distribution diagrams of wall charges according to the driving waveform of FIG. 
10 5. FIG. 7 shows a discharge caused by a setup pulse in the driving waveform of 
FIG. 5. 

As shown in FIG. 5, a subfield has an address period and a sustain 
period without a reset period in the PDP driving method according to the first 
exemplary embodiment of the present invention. 

15 In an address period, scan pulse 51 is sequentially applied to a scan Y 

electrode, address pulse 52 is applied to an address A electrode, and voltage 
Ve is being applied to a sustain X electrode. An address discharge is generated 
at a discharge cell formed by the scan electrode to which scan pulse 51 is 
applied and the address electrode to which address pulse 52 is applied. The 

20 address discharge forms wall charges at the discharge cell. 

In a sustain period, setup pulse 53 is applied to a scan electrode, and 
sustain pulses 54 and 55 are alternately applied to a sustain electrode and a 
scan electrode. A discharge is generated by setup pulse 53 at the discharge 
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cell at which the wall charges are formed in the address period, to modify a 
state of the wall charges. The modified state of the wall charges is a state in 
which a sustain can be generated by sustain pulses 54 and 55 that are 
subsequently applied. No discharge occurs by setup pulse 53 in a discharge 
cell at which no address is generated in the address period, and hence, no 
sustain occurs in it when sustain pulses 54 and 55 are applied thereto. 

The PDP comprises an address drive circuit for applying an address 
pulse 52 to the address electrode, and a scan/sustain drive circuit for applying 
scan pulse 51, setup pulse 53, and sustain pulses 54 and 55 to the scan 
electrode and the sustain electrode. 

Referring to FIGs. 5, 6A through 6D, and 7, a discharge process at a 
discharge cell to which an address pulse and a scan pulse are applied and 
which is then selected will be described in detail. For ease of description, a 
single discharge cell including a sustain X electrode, a scan Y electrode, and an 
address A electrode to which voltage Ve, a scan pulse, and an address pulse 
are respectively applied is illustrated in FIGs. 5 and 6A through 6D. 

Referring to FIG. 5, voltage Ve is applied to the sustain electrode. Scan 
pulse 51 with voltage Vsc is applied to the scan electrode. Address pulse 52 
with voltage Va is applied to the address electrode in the address period. 
Voltage Ve of the sustain electrode and voltage Va of the address electrode are 
greater than a reference voltage (OV in FIG. 5). Voltage Vsc of the scan 
electrode is less than the reference voltage. Voltage Va is a voltage for 
generating a surface discharge between the address electrode and the scan 
electrode by a difference between voltage Va and voltage Vsc. A voltage 
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difference between Ve and Vsc is less than a discharge firing voltage between 
the sustain electrode and the scan electrode. 

Therefore, a discharge occurs between the address electrode and the 
scan electrode by a voltage difference between voltage Va of the address 
electrode and voltage Vsc of the scan electrode. A discharge occurs between 
the scan electrode and the sustain electrode by priming the discharge between 
the address electrode and the scan electrode. As shown in FIG. 6A, negative 
charges are accumulated at the address electrode and the sustain electrodes. 
A large volume of positive charges are accumulated at the scan electrode, by 
the discharge between the address electrode and the scan electrode and the 
discharge between the sustain electrode and the scan electrode. 

Referring to FIGs. 5, 6B, and 7, setup pulse 53 with high voltage Vr is 
applied to the scan electrode, and a reference voltage is applied to the sustain 
electrode and the address electrode. When setup pulse 53 rises, a discharge 
mainly occurs between the sustain electrode and the scan electrode by a wall 
voltage caused by wall charges of the sustain electrode and the scan electrode, 
and voltage Vr of the setup pulse generates an amount of negative charges 
greater than that of the negative charges during the address period by high- 
voltage setup pulse 53, and accordingly, large amounts of positive charges and 
negative charges are respectively accumulated at the sustain electrode and the 
scan electrode as shown in FIG. 6B. 

As shown in FIG. 7, when setup pulse 53 applied to the scan electrode 
falls, a self discharge occurs between the sustain electrode and the scan 
electrode because of the wall charges accumulated at the sustain electrode 
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and the scan electrode. According to the self discharge, a space charge is 
formed at the discharge cell as shown in FIG. 6C. 

Next, sustain pulse 54 with voltage Vs is applied to the sustain 
electrode of the discharge cell at which the space charge is formed, and 
reference voltage OV is applied to the scan electrode. Here, the space charge 
operates as a priming particle to reduce a voltage for firing a sustain. When 
voltage Vs less than discharge firing voltage Vf is applied while the space 
charge remains in the discharge cell, an effective voltage formed by the space 
charge and voltage Vs becomes greater than discharge firing voltage Vf to 
generate the sustain. In this instance, voltage Vs is a minimum voltage for 
generating a sustain in the sustain period, and it will be referred to as a sustain 
voltage hereinafter. 

When a period for sustain pulse 54 to maintain voltage Vs is short, the 
charges generated by the sustain are not accumulated to the sustain electrode 
and the scan electrode, but remain at the discharge cell as space charges. 

Sustain pulse 55 with voltage Vs is applied to the scan electrode while 
the space charges caused by sustain pulse 54 applied to the sustain electrode 
remain in the discharge cell, and then, the effective voltage formed by the 
space charges and voltage Vs becomes greater than discharge firing voltage Vf 
to generate a sustain at the discharge cell. When sustain pulse 54 applied to 
the scan electrode has a short period for maintaining voltage Vs, the charges 
generated by the sustain are not accumulated at the sustain electrode and the 
scan electrode, but remain at the discharge cell as space charges. In the first 
exemplary embodiment as described above, few wall charges are stored in the 
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sustain electrode and the scan electrode by the sustain, differing from the prior 
art, and the space charges that exist for a short time at the discharge cell are 
used to generate a sustain. That is, the sustain is generated without using the 
memory function of the wall charges. A small amount of wall charges can be 
generated in the first exemplary embodiment, but the wall charges are not so 
many as to be used for the memory effect described in the prior art. 

According to the first embodiment, the conventional reset period is not 
needed since no wall charges are formed at the sustain electrode and the scan 
electrode when the sustain period of a single subfield is finished. That is, an 
operation corresponding to the address period is executed when the sustain 
period is finished. 

A setup pulse is applied to the previously selected discharge cell in the 
sustain period of the driving waveform according to the first embodiment to thus 
form space charges, and a sustain pulse is applied while the space charges 
remain in the discharge cell to thereby generate a sustain. It is desirable for the 
sustain pulse to have a short width such that the charges formed by a 
discharge are not accumulated at the sustain electrode and the scan electrode. 
It is also desirable for the sustain pulse to have a short period (a high 
frequency) so that the sustain pulse may be applied again while the space 
charges formed by a sustain remain. 

Referring to FIGs. 8 and 9A through 9D, a discharge cell which is not 
selected since no address pulse is applied will be described. 

FIG. 8 shows a diagram of a driving waveform applied to a discharge 
cell that is not selected, and FIGs. 9A through 9D show distribution diagrams of 
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wall charges according to the driving waveform of FIG. 8. 

As shown in FIG. 8, no address pulse is applied to the address 
electrode of the discharge cell that is not selected, and no discharge is 
accordingly generated between the address electrode and the scan electrode, 
and since the voltage difference Ve-Vsc between the sustain electrode and the 
scan electrode is less than discharge firing voltage Vf, no discharge occurs 
between the sustain electrode and the scan electrode. Hence, as shown in FIG. 
9A, no wall charges are formed when scan pulse 51 is only applied to the scan 
electrode. 

Next, since there are no wall charges at the sustain electrode and the 
scan electrode when setup pulse 53 is applied to the scan electrode in the 
sustain period, no discharge occurs between the sustain electrode and the 
scan electrode by only voltage Vr of setup pulse 53. As shown in FIG. 9B, 
therefore, no wall charges are formed while setup pulse 53 is applied. Since no 
wall charges are at the sustain electrode and the scan electrode, no discharge 
occurs when setup pulse 53 falls, and hence, no charges are formed at the 
discharge cell, as shown in FIG. 9C. 

When sustain pulse 54 with voltage Vs less than discharge firing 
voltage Vf is applied to the sustain electrode, no sustain occurs since rio space 
charges are provided at the discharge cell, and accordingly, no space charges 
are formed at the discharge cell as shown in FIG. 9D. 

Since no discharge occurs in the discharge cell to which no address 
pulse 52 is applied in the address period, no wall charges are formed, and no 
space charges are formed in the discharge cell by setup pulse 53. In the case 
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no space charges operating as priming particles are formed as described, no 
sustain occurs when sustain pulse 54 with voltage Vs less than discharge firing 
voltage Vf is alternately applied to the sustain electrode and the scan electrode. 

According to the first embodiment, the conventional reset period can 
be eliminated, the sustain period can be reduced since the frequency of the 
sustain pulse is high, and high resolution can be realized by increasing the 
address period by eliminating the reset period and reducing the sustain period. 
Also, high grays can be displayed and contour noise can be reduced since a 
large number of subfields can be allocated to a single frame, the number of 
sustain pulses provided in a single subfield can be increased since the 
frequency of the sustain pulse is high, and the contrast can be improved since 
no discharge exists in the discharge cell that is not selected. 

A square wave with a long width of voltage state Vr is used for the 
setup pulse in the first exemplary embodiment, and other types of waveforms 
can also be used, which will be described in detail with reference to FIGs. 10 
through 12. 

FIGs. 10 through 12 show PDP driving waveform diagrams according 
to second through fourth exemplary embodiments of the present invention. 

Referring to FIG. 10, the setup pulse in the driving waveform according 
to the second exemplary embodiment has a square waveform with a narrow 
width in voltage state Vr. A discharge occurs between the sustain electrode and 
the scan electrode by voltage Vr of the setup pulse, and the charges formed by 
the discharge are not accumulated as wall charges at the sustain electrode and 
the scan electrode but remain as space charges because of the narrow width of 
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the setup pulse. 

Referring to FIG. 1 1 , the setup pulse in the driving waveform according 
to the third exemplary embodiment is a gradually rising ramp waveform. When 
the voltage applied to the scan electrode gradually rises to voltage Vr, a 
discharge occurs between the scan electrode and the sustain electrode to 
accumulate wall charges at the scan electrode and the sustain electrode. When 
the ramp waveform falls to the reference voltage, a self discharge occurs 
because of the wall charges accumulated at the scan electrode and the sustain 
electrode to form the space charge at the discharge cell. 

As shown in FIG. 12, the setup pulse in the driving waveform according 
to the fourth exemplary embodiment is a curvedly rising round waveform. Since 
the discharge phenomenon caused by the round waveform is similar to that 
caused by the ramp waveform of FIG. 11, no corresponding description will be 
provided. 

Other types of setup pulses can also be used if the space charges can 
be formed together with the wall charges formed in the address period, in 
addition to the setup pulses used in the first through fourth exemplary 
embodiments. 

The space charges are used to generate a sustain in the sustain period 
in the first through fourth exemplary embodiments, and further, the sustain can 
be generated using the wall charges in the sustain period, which will be 
described in detail with reference to FIG. 13. 

FIGs. 13 shows a PDP driving waveform diagram according to the fifth 
exemplary embodiment of the present invention. 
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Widths of sustain pulses 54 and 55 in the fifth exemplary embodiment 
are longer than those of sustain pulses 54 and 55 in the first exemplary 
embodiment. When sustain pulse 54 is applied to the sustain electrode while 
space charges are formed by setup pulse 53 at the discharge cell selected in 
the address period, a discharge occurs between the sustain electrode and the 
scan electrode. Since the width of sustain pulse 54 is long, the charges formed 
by the discharge are accumulated as wall charges at the sustain electrode and 
the scan electrode. When sustain pulse 55 is applied to the scan electrode, a 
discharge occurs between the sustain electrode and the scan electrode by a 
wall voltage caused by the wall charges of the sustain electrode and the scan 
electrode and voltage Vs. When the width of sustain pulse 55 is long, the 
charges formed by the discharge are accumulated as wall charges at the 
sustain electrode and the scan electrode. 

As described, wall charges are formed at the sustain electrode and the 
scan electrode by a sustain, and a discharge between the sustain electrode 
and the scan electrode occurs according to a wall voltage caused by the wall 
charges and a voltage cause by the sustain pulse in the fifth exemplary 
embodiment. When the width of sustain pulse 56 finally applied to the scan 
electrode is shortened, the charges formed by the discharge caused by sustain 
pulse 56 are not accumulated at the sustain electrode and the scan electrode. 

The first through fifth exemplary embodiments are described by 
establishing ground potential OV as a reference voltage, and without being 
restricted to this, other pulses with different levels can be used if the same 
discharge characteristics are possible. For example, a pulse with voltages of 
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Vs/2 and -Vs/2 can be used as sustain pulses 54 and 55 instead of using a 
pulse with voltages of Vs and OV. Sustain pulse 55 is defined to have voltage - 
Vs/2 when sustain pulse 54 has voltage Vs/2, and sustain pulse 55 is defined to 
have voltage Vs/2 when sustain pulse 54 has voltage -Vs/2. Also, the space 
charges can be generated by a sustain pulse by reducing a period during which 
a voltage difference of sustain pulses 54 and 55 is voltage Vs. 

Therefore, the conventional reset period can be eliminated by following 
the exemplary embodiments of the present invention. Application of a time 
corresponding to the eliminated reset period to the address period allows an 
increase of the address period, thereby enabling an addressing for a high- 
resolution screen. Also, execution of a sustain by use of the space charges 
reduces the period of the sustain pulse, thereby reducing the sustain period. As 
described, when the sustain period is reduced and the reset period is 
eliminated, a large number of subfields can be allocated to a single frame, 
thereby allowing display of high gray and reducing contour noise. In addition, 
the contrast is improved since no discharge exists in the discharge cell that is 
not selected. 

When the frequencies of sustain pulses 54 and 55 are increased, or a 
period during which a voltage difference of sustain pulses 54 and 55 is defined 
as voltage Vs is reduced, the sustain can occur when sustain voltage Vs is 
lowered. 

FIG. 14 shows a relationship between a frequency of the sustain pulse 
and a sustain voltage according to an exemplary embodiment of the present 
invention. FIG. 15 shows a relationship between a period of the sustain pulse 
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and a sustain voltage according to an exemplary embodiment of the present 
invention. FIG. 16 shows a relationship between a frequency of the sustain 
pulse and an efficacy according to an exemplary embodiment of the present 
invention. In the experimental conditions of FIGs. 14 through 16, a display area 
is 24[mm] x 44[mm], a length of a subfield is 1 .67ms, a tension of Xe is 35%, 
and a test pattern is full white. 

Referring to FIGs. 14 and 15, predetermined amounts of wall charges 
are formed at the scan electrode and the sustain electrode by a sustain pulse 
such that the wall charges mainly influence the sustain in an area where 
frequencies of sustain pulses 54 and 55 are less than 500Hz, that is, the area 
where the periods of sustain pulses 54 and 55 are greater than 2 // s. Small 

amounts or few wall charges are formed at the scan electrode and the sustain 
electrode by a sustain pulse in an area where frequencies of sustain pulses 54 
and 55 are greater than 500Hz, that is, the area where the periods of sustain 
pulses 54 and 55 are less than 2//s, and accordingly, the space charges 
existing in the discharge cell mainly influence the sustain. That is, the area 
where frequencies are greater than 500Hz, or the area where the periods are 
less than 2 // s becomes an area for generating a sustain with the space 
charges as main elements compared to the wall charges. 

Referring to FIG. 14, it is found that sustain voltage Vs almost linearly 
reduces as a frequency increases in the area where the frequencies of sustain 
pulses 54 and 55 are less than 500Hz, but a reducing speed of sustain voltage 
Vs increases as the frequencies become greater than 500Hz. That is, sustain 
voltage Vs steeply reduces in the case when the frequency domain where the 
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space charges operate as main elements is greater than 500Hz. 

In the area where the frequency is greater than 700Hz, sustain voltage 
Vs becomes almost constant being from 176 to 177V, and hence, the sustain 
can occur with low sustain voltage Vs. When the frequencies of sustain pulses 
54 and 55 become greater than 1MHz, much electromagnetic interference 
(EMI) can occur in a driving circuit for generating sustain pulses 54 and 55. 

Referring to FIG. 16 and Table 1, the efficacy increases when the 
frequencies of sustain pulses 54 and 55 increase. The efficacy is determined by 
a relationship between a power used for a case when a discharge occurs by a 
single sustain pulse, and a luminance. As shown, the efficacy becomes greater 
than 3 in the area where the frequency is greater than 500Hz, obtaining a high 
efficacy. 



Table 1 



Frequency 
(kHz) 


Current*Voltage 
(A*V) 


Luminance 
(cd/m 2 ) 


Efficacy 
(Im/W) 


1000 


1 .78E-05 


628.0 


3.04 


833 


1 .83E-05 


696.0 


3.28 


714 


2.20E-05 


829.0 


3.27 


690 


2.23E-05 


830.0 


3.22 


625 


2.56E05 


951.0 


3.21 


556 


2.91 E-05 


1069.5 


3.17 


385 


3.41 E05 


1073.5 


2.72 


200 


4.41 E05 


1075.0 


2.10 



While this invention has been described in connection with what is 
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presently considered to be the most practical and exemplary embodiments, it is 
to be understood that the invention is not limited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifications and equivalent 
arrangements included within the spirit and scope of the appended claims. 
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